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Abstract 
In the interests of preserving our environment from all forms of pollution, we have undertaken a series of studies of purification 
of sewage based on the phenomenon of biological filtration. In this work, we have made a comparative study between two types 
of granular materials by filtration, the (artificial) crushed glass and sand dunes (natural). These two materials are using as filter 
media on columns to a height of 60 cm. The effectiveness of this model is essentially assessed through indicators parameters of 
organic pollution chemical oxygen demand (COD) and the biochemical oxygen demand (BOD5). The results obtained showed a 
removal of oxidizable organic matter at 93.24%, and biodegradable surroundings 98.93%. These results are very interesting and 
satisfactory at several levels including in terms of safeguarding our ecosystem of some pollutant nuisances and especially by the 
exploitation of natural resources or recycling of glass released into nature. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the Euro-Mediterranean Institute for Sustainable Development (EUMISD). 
Keywords: wastewater, glass flakes, sand dunes, purification performance, granular materials. 
 
1. Introduction 
    The use of sand filters for the treatment of domestic wastewater is known for a long time (the late 1900s) [1]. 
Sand filters are natural environments that can be used as filter massifs in the purification of wastewater [2], ensuring 
a double role: retention of suspended solids (TSS) and fixation of the biomass that develops around the grains, and 
biodegradation of organic, phosphorus and nitrogen pollution [3]. 
In this context and that of the valorisation of natural resources such as the sand dunes as filter media, our study is 
designed, the evaluation of the influence of initial nature and the physicochemical characteristics of the filtering 
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materials, on the effectiveness of biological filtration. We have thus achieved two experimental devices with two 
granular materials (sand dunes and crushed glass) for their evaluation in terms of purification yields of filters, by 
measuring the different parameters of pollution namely: pH, conductivity electrical (EC), chemical oxygen demand 
(COD) and the biochemical oxygen demand (BOD5). 
2. Materials and methods 
2.1. The filter support 
       We realized two pilots, one contains the crushed glass support and the other contains sand dunes of the region 
of N’GOUSSA (Ouargla, Algeria). The sand used, has already been the subject of an earlier study (very uniform 
chemical composition high siliceous dominated, with a uniform grain size adequate to use as a bed of filtration [4]. 
Various physico-chemical parameters of the studied sands are grouped in Table (1) [5] 
     Table 1. Physico-chemical parameters of sand of N’GOUSSA 
Parameters Values 
D10 (mm) 0.12 
D60 (mm) 0.19 
D30 (mm) 0.28 
Uniformity Coefficient Cu 2.33 
Grading Coefficient Cc 1.07 
Real density kg/ m3 2960 
Apparent density kg/ m3 1785 
Porosity n (%) 39.70 
MO ( % )  0.086 
pH 8.46 
Salts (%) 1.91 
CaCO3 %  0.24 
conductivity  ms/cm  3.30 
 
The crushed glass used is based on food packaging glass bottles. These are totally transparent in order to avoid any 
chemical reaction that could interfere with the study of the phenomenon of filtration [6]. This choice, as a support 
filtering, is dictated by its inorganic aspect, it contains surroundings 72.5% of silica (SiO2), thus introducing a 
similarity with sand [7].  
 
The raw material used is thus collected (cleaned bottles glass of same type) then manually broken into small pieces. 
Once crushed, the obtained material is sifted through a series of screens, according to AFNOR standards. By 
separating the different sieve fractions, we selected the fraction with the same particle-size characteristics as our 
sand, in accordance with the coefficient of uniformity and the coefficients of classification, as shown in figure (1). 
Various physico-chemical parameters of the studied glass are grouped in Table (2) 
 
Table 2. Physico-chemical parameters of of Glass 
 
Parameters Values 
D10 (mm) 0.12 
D60 (mm) 0.28 
D30 (mm) 0.31 
Uniformity Coefficient Cu 2.40 
Grading Coefficient Cc 1.0 
Real density kg/ m3 2400 
Apparent density kg/ m3 1330 
Porosity n (%) 44.50 
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Fig. 1. Grading curve of sand of N’GOUSSA.  
2.1. The used water 
          Because some existing organic compounds in wastewater are unstable, which causes changes to the level of 
their characteristics from one moment to another [8], wastewater of our study is prepared in the laboratory by 
referring to a composition of a household wastewater. We have prepared this water by mixing several chemicals and 
other food with distilled water [9].The quality of wastewater used is presented in Table (3). 
     Table 3. Characteristics of the prepared wastewater 
Parameters  Values Wastewater standard 
DBO5 480 ±20mg/l 100 à 500 mg /l 
DCO 878.4± 10 mg/l 300 à 1000 mg /l 
CE 970 (μS.cm-1) 900 à 1300 μS.Cm-1 
pH 6.66 ±0.5 7.5 à 8.5 
2.3. Experimental device 
          Devices that we have achieved consist of two 80 cm PVC columns, their inner and outer diameters 
are respectively from 8 cm to 7.6 cm. The bed of the filter holder has a thickness of 60 cm and a section of 47.78 
cm2. The latter is deposited on a small layer of gravel of thickness 2 mm in order to keep the sand and the drainage. 
A hose is attached to the base of the column, as shown in figure (2). The power of filters is carried out using a 
graduated cylinder injection with a volume of 40 ml. Injections are made hourly, to allow the column to be in 
conditions conducive to proper operation (regulation of biomass, oxygenation). We did 13 injections per day, i.e. 
equivalent to 520 ml/da filter power 
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Fig. 2. Layout diagram of the two pilots (sand and glass). 
3. Results and discussion   
    For the assessment of the effectiveness of our filtering of the levies, input-output device, conducted once a week 
in order to achieve some campaigns of analysis. The length of 70 days, we followed the evolution of pollution 
indicators parameters, namely the pH, EC, COD and BOD5. 
    The pH measurements are made in a daily manner. Samples have been taken from the first day of operation. The 
results of these measurements are represented in Table (4). 
     Table 4. Variation of the pH depending in the time  
 Times (weeks) 
Pilot 1 2 3 4 5 6 7 8 9 10 
Wastewater 6.2 6.5 6.8 7.1 6.7 6.3 6.6 6.8 6.3 7.0 
Glass  8.25 8.37 8.32 8.2 8.28 8.28 8.12 8.45 8.59 8.55 
Sand 7.32 7.82 7.73 7.54 7.56 7.76 7.96 8.4 8.32 8.3 
  
   We note that the pH of the effluent is between 6.2 and 7.1; this variation between one country and another is 
possibly due to the variation of ambient temperature and variability of the effluent as a function of time.  
For filtered water, the pH varies between 7.32 and 8.55; this can be explained by the variability in wastewater (input 
filters) on the one hand and the difference in characteristics between the two filters, on the other hand. The 
maximum 8.55 was recorded at the level of the crushed glass filter. We also note that filtered water pH values are 
still significantly higher than the values of wastewater (input); this could be due to the dissolution of some existing 
salts during the flow of the effluent causing some chemical reactions inside the filters. 
   The parameter that allows to define the total salinity of a solution is its electrical conductivity, which is directly 
proportional to the total concentration of soluble salts. We measured EC of water at the entrance and exit of the 
column using a model of conductimeter WTW LF 330.The values obtained are illustrated in figure (3) 
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 Fig.3.Variation of electrical conductivity (mS/cm) depending on the time. 
    On the reading of the curve, it appears that waters, from the sand filter, are characterized by high conductivity, 
which exceeds 500 mS/cm for the first outgoing fractions compared with the glass filter. The values of electrical 
conductivity of wastewater are always lower than those of the filtered water; they are included between 0.685 and 
0.979 mS/cm and they are generally stable in the period from 7to 70 days. Conductivity curve is divided into three 
intervals, the first [1-5 days] it is a phase which is characterized by a remarkable drop in values of electrical 
conductivity for the pilot of sand compared to the glass filter; This is the phase of leaching of filters. In this phase 
we notice that the first series of measures are characterized by high electrical conductivity, including the first drops 
retrieved in parallel with the response time of the filters; These values are large at the beginning of the functioning 
of the filters because of the very high concentration of soluble salts. For the second interval of [4-13 days], we see a 
small increase in the values of conductivity with a slight change for the two filters. In the third interval [35-70 days], 
a decrease was noted for values around of the value of 1.7 mS/cm for the pilot of sand and 1.48 mS/cm for glass. 
 
    The biochemical oxygen demand is the quantity of oxygen consumed by aerobic microorganisms after five days 
[8].The determination of BOD5 was conducted according to AFNOR standards and by the manometric method for 
undiluted samples (NF EN 1899-2) [10, 11]. The BOD5 removal efficiency values are represented in figure (4). 
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Fig.4. The BOD5 yield evolution depending of the time. 
   The first week, the values of BOD5 attain remarkable values of 96.25 and 92.5 % for both filters, N’Goussa sand 
and glass respectively. Yields the highest BOD5 appear in the range from the 4th to the 9th week, this is the normal 
operating phase of the filters. Beyond this interval, the returns to both BOD5 removal are phased out, this is due to 
the ‘fatigue’ of the filters. This decrease in performance is predictable because each filter undergoes, as its use, a 
decrease of porosity (limited lifetime). This point is so called "the point of puncture of the filter". Overall, the results 
of BOD5 for both materials are interesting, they reflect a good degradation of biodegradable materials, this translates 
into the effectiveness of used treatment technique [12].  
 
 
 
 
 
 
 
 
Fig.5. The COD yield evolution depending of the time 
     The chemical oxygen demand is considered to be a primary indicator of the level of organic pollution [13]. The 
compaigns of the measures are carried out every week. COD reduction performance values are represented in figure 
(5) 
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    At the beginning of the operation, the two filters have purification yields that are significantly higher than 80 %. 
In the second week, we note an increase in performance for both filters. This phase is called 'the period of 
maturation of filters'. [14,12]. COD curve is divided into two intervals, the first ranging from the 4th to the 6th week, 
is a phase characterized by maximum values of purification performance for two filters, 93.24 % and 91.89 % 
respectively, it is the period of the functioning of the filters. In the second part [6th - 10th week], we observe a 
decrease in performance. This decay is accompanied by ‘fatigue’ of the filters indicating the beginning of their flat. 
This is explained by the appearance of the phenomenon of clogging of the filters [15]; but the filters are still 
effective. Sand filter begins to crack after 7 days of operation. During filtration, it follows a biological activity 
causing the degradation of organic matter in the filter holder. Therefore, the presence of a small amount of organic 
matter helps the acceleration of maturation of filters. That is, it promotes the rapid formation of the biomass.  
The comparison of the results between the two materials has shown us that sand gave best results of purification 
performance.  . This is due to three major parameters:  
1. The grains of sand are rougher than glass particles. 
2. The specific surface of the grains of sand is superior to that of the glass (Pic. 1 A) 
3. In the initial state, the sand contains a proportion of organic matter; however, it is negligible in the 
glass [16]. 
 
 
  
 
 
 
Fig.6. Pictures of sand (left) and (right) glass particles. 
4. Conclusion 
We believe that the objective of this study has been achieved since it allowed us to highlight the influence 
of the particle size and the original nature of the filter on purification performance material. The analytical results 
show overall that the purification yields reflect on the one hand, the good biological filtration efficiency and 
secondly, the appropriateness of the use of natural (such as dune sand) or artificial materials worn (rejected glass). 
   After comparing the results obtained for the two granular materials used in our work (glass crushed and sand 
dunes), it appears that the most efficient material in terms purification yields, is dune sand. This results confirms the 
adaptation of this material to the biological filtration through appropriate physico-chemical properties (silica sand). 
Note, furthermore, that particle size proves to be a very important parameter in biological treatment. 
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